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An electron diffraction system for use in production environ- 
ment and for high pressure deposition techniques 

Subject of the invention 

The present invention relates to an electron source, in par- 
ticular for a RHEED measurement system, as well as a RHEED 
measurement system as such, and a method of radiating an elec- 
tron beam with an electron source onto a sample. 

Prior Art 

The diffraction of electrons on a crystal surface is in many 
aspects similar to the optical diffraction of light or X-rays. 
The Bragg' s diffraction law applies for both and governs the 
appearance and size of the diffraction diagram. The two essen- 
tials parameters of the incident beam are found in Bragg' s dif- 
fraction law, i.e. its wavelength and the incidence angle. As 
the wavelength associated to electrons is small and comparable 
or smaller to the lattice spacing of atoms in crystals, elec- 
tron diffraction, as X- ray diffraction, is used to analyze the 
atomic structure of materials. Because electrons are strongly 
absorbed, they cannot penetrate or be transmitted through the 
sample. Unlike for X- ray diffraction, the electron beam dif- 
fraction is performed by reflecting the electron beam onto the 
surface. Two major diffraction techniques have been developed, 
depending on the incidence angle of the electron beam: at large 
incidence angle, normal incidence for instance, the suitable 
wavelength is obtained at lower electron energies in the range 
10 eV to 300 eV. This technique is called LEED for Low Energy 
Electron Diffraction. At grazing incidence angle the energy can 
be much larger, in the range 10,000 eV to 60,000 eV. This tech- 



nique is called RHEED for Reflection High Energy Electron Dif- 
fraction. Most commonly, the incidence angle is in the range 2 
to 4 degrees only. A precise and stable adjustment of the inci 
dence angle is mandatory. Re-adjustments of the incidence angl 
are frequently needed when changing the beam energy or the ori 
entation of the sample. 

The RHEED technique has recently grown to be a major invest iga 
tion tool for monitoring crystal growth in vacuum chambers. It 
is commonly used to control in-situ during the growth process 
the quality and thickness of the material deposited under good 
vacuum conditions with pressure in the range 10~ 6 to 1CT 11 Torr. 

A conventional set-up for RHEED is given in Figure 7: a high 
energy electron emitter 5 1 produces a dense, well collimated 
beam 7 1 . The beam impinges the surface of a sample 1 f at low 
incidence angle. The beam 7' is diffracted according to the 
crystal structure of the surface and the diffraction diagram is 
observed on a fluorescent screen 20' mounted inside the vacuum 
chamber on the other side of the sample. 

The high energy electron emitter 5 f is mounted by means of 
flanges 3' and 4' onto the vacuum chamber 2 f . The axis of 
flange 3 1 can have various orientations depending on the cham- 
ber design: it usually points towards the centre of sample 1', 
but the axis is also often parallel to the surface, as shown in 
Figure 7. A deflection stage (electrostatic or magnetic) 6 f a,b 
is used to adjust the beam onto the sample 1'. The deflection 
should be in two perpendicular directions X and Y. The deflec- 
tion stage consists of separate units 6' a and 6'b for X and Y 
orientation. The deflection stage can be located inside (elec- 
trostatic or magnetic) or outside the electron source (mag- 
netic) . Optionally, a mechanical device consisting of a vacuum 
bellow 8' and adjustment screws 9 f may be added to adjust the 
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orientation and position of the electron source with respect to 
the sample. 

This conventional design, with or without mechanical stage, is 
the most commonly used RHEED set up. It is however strongly 
limited for the following new applications in particular in wa- 
fer production devices and in high pressure environment: 

- Wafer production machines for MBE, CVD, etc. have a large 
vacuum chamber. The distances travelled by the electron beam 
are in the meter range instead of the decimetre range. The beam 
position and stability is much more affected by residual mag- 
netic fields, such as the earth magnetic field and by AC mag- 
netic field generated by the equipment around the beam (mostly 
at the frequency of the main power line) and the stray magnetic 
fields generated by other components of the system (such as 
magnetron evaporation sources) . The effect of the mere earth 
magnetic field (about 0.6 gauss) becomes important: a 35 kV 
electron beam travelling 500 mm inside a vacuum chamber follows 
a circular path. The beam is deflected from its original axis 
and its orientation angle is changed. The deflection angle is 
as large as 2.7 degrees and beam off set distance is 12 mm at 
the sample position. Similarly, an AC field of 80 mGauss will 
broaden the beam (defocusing) increasing the beam spot size up 
to 3 mm. 

- Many growth equipments work at higher gas pressure in the 
chamber, and often use reactive and/or toxic substances. The 
electron source uses a filament heated to temperatures in the 
range 800 °C to 1800 °C to thermally emit electrons. The vacuum 
inside the electron source has to be kept as good as possible 
in order not to damage the filament (by evaporation and burn- 
ing) . The filament will be also damaged from ions produced in 
the gas inside the source. 
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- The production machines run over months without stopping or 
venting the chamber. Huge amounts of material is evaporated and 
deposited. Some of this material reached the electron emitter 
and is deposited onto parts of the electron source. The de- 
scribed system will also be used in such harsh environments, 
especially when hazardous elements are involved, to protect the 
electron optical system. Besides increasing the reliability of 
RHEED source, it greatly reduces the amount of contamination on 
the cathode parts needed to be exchange regularly. 

Accordingly, the main problems of the conventional systems re- 
suit from: 1-a large distance between sample 1 and flange 3, 
2- a higher pressure into the chamber and 3- the presence of 
stray magnetic fields created by some devices in the chamber. 

In view of the above problems, an improved design has been pro- 
posed for operation at higher pressure (see J. H. Guus et al. 
in "Appl. Phys. Lett.", vol. 70, 1997, p. 1888-1890). As shown 
in Figure 8, a differential pumping capability is added to the 
electron radiation system. A small aperture 10' (0.1 mm to 2 
mm) is inserted between the emitter 5 1 and the vacuum chamber 
2'. A pumping port 11 1 is added to differentially pump the 
emitter volume. Further, an additional differential aperture 
13 1 is added. This aperture is located close to the sample to 
limit the distance travelled by the electron beam 7 1 in poor 
vacuum. This reduces beam absorption and diffusion from the gas 
in the vacuum chamber. The space in between the apertures 13 f 
and 10' is pumped out through the flange 12 1 . The electron beam 
from the emitter 5' is precisely focussed and aligned using the 
deflection stage 6'a,b on the small aperture 13 f . The beam 
emerges into the vacuum chamber 2 1 on the axis of the system. 

This is the major limitation of the design. In order to adjust 
the incidence angle, the complete set-up, electron source, vac- 
uum pipes and vacuum hoses have to be mechanically moved. This 
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is achieved using mechanical positioning devices 9'a,b allowing 
the translation in X and Y directions (9'b) and a tilt of the 
axis (9 ! a). The amplitude of displacements is limited by the 
size of the inner tube of flange 3'. Then, the sample has to be 
moved also in order to optimise the incidence angle. However, 
many vacuum systems have a mechanically fixed the sample posi- 
tion and the beam alignment is not possible using this design. 
Further the mechanical adjustment of the incidence angle is not 
an easy operation. Owing to the weigh of the electron source 
(10 to 25 kg) , an the vacuum pipe connections to the pumps used 
for differential pumping, a very sturdy vacuum bellow system 8' 
must be used to precisely keep the assembly in position. 

Object of the invention 0 y 

An object of the invention is to provide an improved electron 
source avoiding disadvantages of the conventional systems. In 
particular, a system is to be provided offering improved beam 
adjustment capability for RHEED diffraction. Furthermore, the 
precision and stability of the beam adjustment are to be im- 
proved. Another object of the invention is to provide an im- 
proved method of radiating an electron beam onto a sample. 

These objects are solved with an electron source and a method 
comprising the features of claim 1 or 13, respectively. Advan- 
tageous embodiments of the invention are defined in the depend- 
ent claims. 

According a first aspect of the invention, an electron source, 
in particular for a RHEED measurement system, is provided with 
an electron emitter for generating an electron beam and a first 
deflection stage for radiating the electron beam onto a sample, 
wherein a second deflection stage for an electronic beam orien- 
tation correction is provided between the first deflection 
stage and the sample, preferably near the sample. The provision 
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of the second deflection stage offers the following advantages. 
The system offers full electronic beam adjustment capability 
for RHEED diffraction without mechanical re-adjustments of the 
vacuum parts (neither the electron source parts nor the sample 
holder have to be moved) . This new design allows the electron 
source and all attached pumping utilities to be mounted in a 
fixed mechanical position. The beam position on the sample, as 
well as the incidence angle can be controlled entirely elec- 
tronically. The precision and stability of the beam is far bet- 
ter than using the mechanical stages. 

According to a preferred embodiment of the invention, the elec- 
tron source comprises an elongated vacuum tight tube-shaped 
casing separating the path of the electron beam travelling from 
the electron emitter via the first deflection stage to the sec- 
ond deflection stage against a surrounding, e. g. a vacuum 
chamber. The casing has the advantage of protecting in particu- 
lar the electron emitter against deteriorating influences from 
the surrounding, e.g. from reaction gases. Preferably, the cas- 
ing is made of a material shielding magnetic fields. Accord- 
ingly, influences from magnetic stray fields can be avoided. 

For a further protection of the electron emitter, the inner 
space of the casing is connected with at least one pumping de- 
vice for evacuating the inner space of the casing. Preferably, 
both the electron emitter and the inner space of the casing are 
connected with two pumping devices forming a differential vac- 
uum pump device. 

The effect of the at least one pumping device can be further 
improved if an aperture is provided at or near the second de- 
flection stage. The aperture represents a barrier for gases 
which could travel from the vacuum chamber into the electron 
source. According to preferred embodiments, the aperture has a 
point shape or a slit shape. The advantage of the point shape 
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Abstract 



An electron source particularly for a RHEED measurement system 
or a RHEED measurement system as such comprises an electron 
emitter (5), a first deflection stage (6a, b) for radiating an 
electron beam onto a sample (1), and a second deflection stage 
between the first stage (6a, b) and the sample 1, preferably 
near the sample. 



(Fig. 1) 



15. Method according to claims 14, wherein the electron beam is 
deflected from the optical axis with the first deflection stage 

(6a, b) , wherein the beam travelling between the two deflection 
stages becomes elongated from the axis and the second deflec- 
tion stage (16a,b) is bending the beam back towards the axis of 
the electron source. 

16. Method according to claim 14 or 15, wherein the radiation 
path of the electron beam between the first and second deflec- 
tion stages is shielded with a casing. 

17. Method according to claim 16, wherein the path of the elec- 
tron beam within the casing is shielded against magnetic 
fields . 

18. Method according to one of the claims 16 or 17, wherein the 
inner space of the casing is evacuated with a pumping device. 

19. Method according to claim 18, wherein the irradiated sample 
(1) is located under atmospheric pressure. 
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CLAIMS 



1. Electron source (100), in particular for a RHEED measurement 
system, comprising : 

- an electron emitter (5) for generating an electron beam (7), 
and 

- a first deflection stage (6a,b) for radiating the electron 
beam onto a sample (1), 

characterized by 

- a second deflection stage (16a,b) being arranged between the 
first deflection stage (6a,b) and the sample (1) and being 
adapted for a beam orientation correction. 

2. Electron source according to claim 1, wherein the second de- 
flection stage (16a, b) is arranged near the sample (1) . 

3. Electron source according to claim 1 or 2, comprising a cas- 
ing (14) extending from the first deflection stage (6a, b) to 
the second deflection stage (16a, b) . 

4. Electron source according to claim 3, wherein the casing is 
made of or covered with a material shielding magnetic fields. 

5. Electron source according to claim 3 or 4, wherein the inner 
space of the casing is connected with a pumping device being 
adapted for evacuating the inner space of the casing. 

6. Electron radiation device according to one of the claims 3 
to 5, wherein an aperture (13) is provided at or near the sec- 
ond deflection stage. 

7. Electron source according to claim 6, wherein the aperture 
(13) has a point shape or a slit shape. 
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8. Electron radiation device according to one of the foregoing 
claims, wherein a third deflection stage (17a,b) is provided 
between the second deflection stage (16a,b) and the sample (1) . 

9. Electron radiation device according to one of the claims 6 
to 8, wherein the aperture (13) is provided between the second 
and third deflection stages (16a, b, 17a, b). 

10. Electron source according to one of the claims 6 to 9, 
wherein the aperture is covered with a foil being capable to 
transmit the electron beam. 

11. RHEED measurement system comprising an electron source ac- 
cording to one of the foregoing claims, a sample holder for 
supporting a sample to be investigated and a detector device 
for detecting diffracted electrons. 

12. RHEED measurement system according to claim 11, wherein the 
sample holder is positioned in a vacuum chamber. 

13. RHEED measurement system according to claim 11, comprising 
an electron source according to claim 10, wherein the sample 
holder is positioned in under atmospheric pressure. 

14. Method of radiating an electron beam (7) with an electron 
source (100) onto a sample, comprising the steps of: 

- generating the electron beam with an electron emitter (5) , 

- directing the electron beam with a first deflection stage 
(6a, b) towards the sample (1), 

characterized by the step of 

- correcting the beam orientation of the electron beam (7) with 
a second deflection stage (16a,b) being arranged between the 
first deflection stage (6a, b) and the sample (1) . 
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Figure 3 illustrates an embodiment of the invention with a slit 
shaped aperture. The impact point of the electron beam onto the 
sample will move by changing the incidence angle. This may not 
be a severe limitation unless the sample has a small size or 
the user do wants to analyze a specific spot on the sample. The 
use of a slit shaped instead of a small size aperture offers 
the capability of both changing the incidence angle and keeping 
the beam on a fixed spot. Figure 3 shows schematically the de- 
sign of the aperture. The long side of the slit 13 is oriented 
perpendicular to the sample surface. Assuming a distance slit 
to sample of 50 mm, a slit of 5 mm length allows a range of 
variation of about 6°. 

As the slit has an area, which is larger than that of a small 
aperture, the efficiency of the differential pumping could be 
lowered. A preferred value is a slit size of 5 mm by 0.1 mm. 
This area can still be used for pressures up to 100 mTorr in 
the chamber. 

o 

The aperture 13 can be covered with a thin foil being capable 
to transmit the electron beam. The foil provides a vacuum tight 
seal of the source volume from the vacuum chamber. A material 
with a light atomic number should be used to limit absorption 
and scattering of the high energy electron beam. Aluminium, 
magnesium, silicon or carbon foil with a thickness below 1 pm 
is preferred. The beam transmission at 40 keV is well above 
95%. 

The source and attached pipes can be kept under good vacuum us- 
ing a small pump, much smaller than the one used for the dif- 
ferential pumping system. Even if the foil has micro-holes or 
similar damages, the pumping will be orders of magnitude eas- 
ier. The shielding of the inner source parts will be improved 
in the same manner. 
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Figures 4 and 5 illustrate an embodiment of the invention with 
an additional beam deflection in the vacuum chamber. This 
embodiment allows the variation of the incidence angle while 
keeping the same spot on the sample and using a smaller aper- 
ture. It can also compensate for magnetic fields inside the 
vacuum chamber. 

A third deflection stage 17a, b is mounted in front of the aper- 
ture on side of the vacuum chamber 2. The beam deflected as 
previously is re-oriented towards the sample using the third 
deflection stage 17a, b. Deflections are adjusted such that the 
beam impinges a fixed spot on the sample. This design provides 
the best flexibility and is preferred for highest chamber pres- 
sures and/or for large vacuum chamber 2 where the exact posi- 
tion of the sample with respect to the axis of the mounting 
flange may not be precisely known. 

The additional deflection stage 17a, b can also be used to com- 
pensate for magnetic fields between exit aperture 13 and the 
sample 1: any residual magnetic field exiting in the space be- 
tween the exit aperture 13 and the sample 1 will curve the 
electron paths. Deflection 17 is used to compensate for this 
drift. 

According to a modified embodiment, the invention can be used 
in both high pressure environment and/or high material flux 
conditions (dual applications of the system) . Used under good 
vacuum condition in the chamber (below 10" 6 Torr) , it protects 
very efficiently the electron source from contaminations due to 
high material fluxes used to growth inside the vacuum chamber. 
A typical set up is shown in Figure 6. The apertures are 
enlarged or even removed and the source does not require a dif- 
ferential pumping. The casing 14, 15 (tube construction) will 
provide a very effective protection against the flux of materi- 
als towards the electron source. 
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Additional pumping holes 19 can be used to better pump the 
electron source from the chamber while keeping the contamina- 
tion flux very low. 

The invention can be implemented with the following further 
modifications . 

- For best operation, the deflection should be actuated in two 
perpendicular directions X and Y using separate deflection 
stages labelled as 6a and 6b, 16a and 16b, 17a and 17b. How- 
ever, as the orientation perpendicular to the sample surface is 
the most meaningful, a unidirectional design could used, pro- 
vided that the deflection stages are oriented correctly with 
respect to the surface. 

- Deflection stages 6a, b 16a, b 17a, b can be located inside or 
outside the vacuum casing (pipe) . 

- A magnetic shielding is recommended, but not mandatory. The 
shield can be a tube made of magnetic shielding material added 
inside or outside the vacuum pipe 14. Alternatively, the vacuum 
pipe itself can be made of magnetic shielding material. The de- 
flection stage 16a, b must be located inside the magnetic 
shielding. The external deflection stage 17a, b can be posi- 
tioned either way inside of outside the shielding. 

- The apertures 13 and 10 may not have a circular shape, but 
any shape and thickness as far as a useful electron beam is 
transmitted. 

With an electron source according to the invention, the follow- 
ing particular results have been obtained. The double differen- 
tial pumping system has been tested and works up to pressures 
of 1 Torr in the chamber. This value is the highest pressure 
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ever reached. The system is very precise, stable and surpris- 
ingly easy to adjust. 

The embodiment of Figure 6 was tested in a production device. 
The stability of the beam position on the sample is better than 
30 micrometer for distance of 600 mm diameter between flange 3 
and sample 1, far better than using a mechanical adjustments. 
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ing device, for example. The electron source 5 is adapted for 
irradiating a sample 1 (e.g. a wafer) within the vacuum chamber 
e.g. for a RHEED measurement. A pumping port 11 is provided for 
differentially pumping the emitter volume. 

According to the invention, a second deflection stage 16a, b is 
added to the system. The second deflection stage 16a, b is ar- 
ranged between the first deflection stage 6a, b and the sample 
1, i.e. on the side of the first deflection stage 6a, b opposite 
to the electron emitter 5. Preferably, the second deflection 
stage 16a, b is positioned as near to the sample 1 as possible 
in view of the particular mechanical constrains in the vacuum 
chamber (in particular size of the sample 1 and sample holder, 
avoiding shadows) . The distance from the second deflection 
stage to the first deflection stage is higher than the distance 
from the second deflection stage to the sample (preferably 
smaller than 10 cm) ♦ The second deflection stage 16a, b is ar- 
ranged on the axis of the electron source 5. The construction 
and control of deflections stages is known as such, so that 
further details of these components are not described here. 

The beam or radiation path of the electron beam 7 between the 
electron emitter 5 and the deflection stages is shielded with a 
casing. The casing is a vacuum tight tube (or pipe) 14 which 
isolates the electron source parts from the vacuum chamber 2. 
Between the emitter 5 and the casing, a small aperture 10 (0.5 
to 2 mm) is inserted. For reducing the effects of magnetic 
fields, tube 14 can be made of magnetic shielding material, or 
a magnetic shielding tube (or pipe) 15 can be added. In this 
embodiment, the casing serves for mechanically connecting the 
electron source 5 to the vacuum chamber 2. 

A second pumping port 12 is provided for differentially pumping 
the inner space of the casing. The pumping ports 11, 12 are 
connected with at least one pumping device, e.g. a vacuum pump. 
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At the distal end of the casing, an exit aperture 13 is pro- 
vided at or near the second deflection stage. The exit aperture 
13 can have a small area for differential pumping or a larger 
if differential pumping is not required. 

The arrangement of Figure 1 comprising the electron source 5, a 
sample holder for carrying the sample 1 and the detector 20 
represents a RHEED measurement system of the invention. Further 
parts like e.g. a control circuit are not shown. 

The beam path is shown in Figure 2, where the angles are exag- 
gerated for more clarity. Instead of following an axial path 
through the system, the beam is deflected twice before exiting 
the aperture 13. The electron beam is first deflected from the 
optical axis using the deflection stage 6a, b. The beam travel- 
ling between the two deflection stages becomes elongated from 
the axis. The deflection stage 16a, b located near the aperture 
13 bends the beam back towards the axis. The deflection 
strengths of 16a, b and 6a, b are adjusted such that the beam ex- 
its through the aperture 13. The beam will now be tilted with 
respect to the axis of the tube. The tilt can occur in any 
directions, depending on the adjustments of the deflections in 
X and Y directions. 



Typical experimental values are as follows: 
Distance aperture 13 to sample 1: 20 to 60mm 
Aperture diameter: 50 urn to 1 mm (when dif- 

ferential pumping is used) 
Maximum tilt angle of the beam: 5 to 20 degrees 

This design allows the adjustment of the incidence angle by 
electrical control only. 



1 



7 

is the provision of a very small area forming an effective gas 
barrier. The advantage of the slit shape relates to an extended 
adjustment capability of the electron source. 

For particular applications, it may be advantageously to cover 
the aperture with a thin foil being capable to transmit the 
electron beam. The thin foil represents a tight barrier for any 
molecules inside the vacuum chamber or from other surrounding. 
The space from the electron emitter via the first and second 
deflection stages to the covered aperture is vacuum tightly 
separated from the surrounding. 

This embodiment has an essential advantage. It allows for the 
first time to provide an electron beam with a defined orienta- 
tion, in particular for RHEED measurements, at an elevated 
pressure up to normal atmospheric pressure. The inventor has * 
found that the range of the electron beam at normal pressure in 
air or other light atomic number gas (e. g. pure N, He etc.) is 
large enough to build a diffraction device. The sample has to 
be located close enough to the exit window (aperture with 
foil) , e.g. in the range of 5 mm to 25 mm. 

Another subject of the invention is a RHEED measurement system, 
provided with the inventive electron source. The RHEED measure- 
ment system can be adapted for conventional operation under • 
vacuum conditions or alternatively for operation under atmos- 
pheric pressure. 

According a further aspect of the invention, a method of radi- 
ating an electron beam onto a sample is provided, wherein after 
generating the electron beam with an electron emitter and di- 
recting the electron beam with a first deflection stage towards 
the sample, a further step of correcting the beam orientation 
of the electron beam with a second deflection stage being ar- 
ranged between the first deflection stage and the sample. 
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According to a preferred embodiment of the invention, the elec- 
tron beam is deflected from the optical axis with the first de- 
flection stage, wherein the beam travelling between the two de- 
flection stages becomes elongated from the axis and the second 
deflection stage is bending the beam back towards the axis of 
the electron source. 

Brief Description of the drawings 

Further details and advantages of the invention will be de- 
scribed in the following with reference to the attached draw- 
ings. The drawings show in: 

Figs. 1 to 3: schematic illustrations of a first embodiment of 

an electron source according to the invention, 

Figs. 4 to 6: schematic illustrations of further embodiments of 

an electron source according to the invention, 
and 

Figs. 7 to 8: schematic illustrations of conventional electron 

sources (prior art) 

Preferred embodiments of the invention 

A first embodiment of an electron source 100 is shown in Figure 
1. The electron source 100 has a basic structure like a conven- 
tional system as shown in Figure 8. Corresponding parts are in- 
dicated with corresponding reference numerals. The electron 
emitter 5 (electron gun) with a first deflection stage 6a, b is 
mounted via flanges 3, 4 to a vacuum chamber 2 (shown in part) . 
The line from the electron emitter 5 to the first deflection 
stage 6a, b defines an axis of the electron source. The vacuum 
chamber 2 is a recipient of a deposition apparatus or a measur- 



